Ultrasound is the recommended staging modality for papillary thyroid cancer. Surgeons proficient in US assessment of the neck and experienced in the management of papillary thyroid cancer (PTC) appear uniquely qualified to assess the lateral cervical lymph nodes for metastatic disease. Of 310 patients treated for PTC between 2000 and 2008, 109 underwent surgeon-performed ultrasound (SUS) of the lateral neck preoperatively. Fine needle aspiration was performed on suspicious lateral lymph nodes. SUS findings were compared with FNA cytology and results of postoperative imaging studies. The sensitivity and negative predictive value of SUS were 88% and 97%, respectively. Four patients were found to have missed metastatic disease within 6 months. No patient underwent a nontherapeutic neck dissection. SUS combined with US-guided FNA of suspicious lymph nodes can accurately stage PTC to reliably direct surgical management.
Introduction
Papillary thyroid cancer (PTC) is the most common endocrine malignancy, and its incidence is increasing [1] [2] [3] . An exceptional cure rate and low recurrence rate begin with appropriate surgical treatment. The extent of surgery is determined by lymph node involvement of the central and lateral neck. Lateral neck disease discovered preoperatively leads to more aggressive surgery, which includes compartment-oriented lymph node dissection. Complete surgical resection of all imageable neck disease at the initial operation decreases likelihood of future surgery for recurrent disease and may impact survival.
According to current guidelines, all patients undergoing thyroidectomy for malignancy should undergo preoperative neck ultrasound (US) of the thyroid and central and lateral neck lymph basins, followed by fine needle aspiration (FNA) of suspicious lymph nodes [4] . This practice has been widely accepted and supported by leading centers [5] [6] [7] [8] [9] [10] [11] .
As technology improves and physicians of a variety of specialties become more comfortable with ultrasound, its use is becoming more common across specialties. Surgeons routinely perform ultrasound in multiple arenas including trauma, breast, and vascular surgery [12] [13] [14] [15] [16] . In the endocrine surgery literature, much has been published about the accuracy of surgeon-performed ultrasound of thyroid nodules and parathyroid adenomas [17] [18] [19] [20] [21] [22] . Although a great deal of data is available on accuracy of radiology-performed ultrasound of the lateral neck for papillary thyroid cancer staging, little is published on the accuracy of surgeon-performed ultrasound of the lateral neck.
Surgeons who treat thyroid cancer routinely and already perform neck ultrasound as part of the physical exam seem uniquely qualified to evaluate the lateral neck in patients with papillary cancer. We hypothesize that surgeon-performed ultrasound is a reliable method of evaluating the lateral neck to stage papillary thyroid cancer.
Methods
An IRB-approved retrospective chart review was performed of all patients treated for papillary thyroid cancer at Scott & White Clinic in Temple, TX, from 2000 to 2008. Patients who underwent surgeon-performed ultrasound of the lateral neck at the time of diagnosis were included in the study. The preoperative SUS evaluation was systematically done either at 2 Journal of Oncology the time of the initial diagnosis of papillary thyroid cancer, while the patient was still on the FNA procedure table or at the initial outpatient endocrine surgeon consultation for a recently diagnosed papillary thyroid cancer. Demographic data including age, gender, body mass index (BMI), and weight were recorded. All ultrasounds were performed by one of two endocrine surgeons in the clinic setting. 96% of the ultrasound examinations were done by the first endocrine surgeon (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) and 4% by the second endocrine surgeon (2004) (2005) (2006) (2007) (2008) . The portable ultrasound equipment used varied over the study period including an Acusan with a 12-megahertz small-part probe (2000) (2001) (2002) (2003) (2004) , a Toshiba Nemio 2 with a 14-megahertz small-part probe (2005) (2006) (2007) (2008) , and a Sonosite with a 13-megahertz small-part probe (2007) (2008) . All of these ultrasound machines allowed accurate real-time imaging of lateral cervical lymph nodes.
Surgical clinic notes were reviewed to determine results of lateral neck ultrasound. Each side of the neck was treated as an individual event. Nodes were considered suspicious based on size (any dominant node, typically greater than 1 cm), shape (rounded), loss of hyperechoic stripe (fatty hilum), and presence of calcifications or cystic changes. Color Doppler assessment of cervical lymph nodes was not added as part of the examination until late in the study. FNA of a suspicious lymph node was done using 3 or 4 passes with 25 gauge needles and ultrasound guidance to sample the most suspicious areas of the lymph node and also different areas of the lymph node. These samples were immediately processed by a pathology technician and then promptly interpreted by a staff cytopathologist in the same procedure room for adequacy of the FNA sample, as well as to provide a diagnosis. When FNA was performed based on ultrasound suspicion, the lateral neck was defined as ultrasound-positive. Ultrasound findings were compared to cytopathologic results of FNA. If both were positive, it was recorded as a true positive. If ultrasound was positive and FNA negative, it was recorded as a false positive.
Postoperative imaging was used to evaluate the ultrasound-negative lateral neck. Short-term imaging consisted of radioactive iodine scans immediately before or after radioactive iodine ablation. Long-term followup consisted primarily of periodic radiology-performed ultrasound of the lateral neck followed by FNA of any suspicious nodes. Persistent (missed) disease was classified as disease discovered in an ultrasound-negative neck within 6 months of surgery. True negatives were ultrasound-negative necks that had no evidence of persistent disease. False negatives were ultrasoundnegative necks in which disease was discovered within 6 months of surgery.
Results
Of 310 patients with papillary thyroid cancer treated during the time period, 109 met inclusion criteria. The majority of exclusions were due to lack of surgeon-performed ultrasound of the lateral neck for two primary reasons: incidental diagnosis of PTC on final pathology and initial surgery and evaluation performed at an outside hospital. PTC was incidentally diagnosed in thyroid specimens obtained after thy- roidectomy for other indications, and almost all tumors were less than 1 cm in size. Some patients in the early years of the study did not undergo surgeon-performed ultrasound as it was a newer diagnostic option for the surgeon. Seven patients were lost to follow up before any postsurgical imagining was obtained. Average length of followup was 34.1 (±23.9) months.
Patient characteristics revealed 75.5% female, average age 54.1 years (±16.4), and average BMI 29.4 (±5.3). Average primary tumor size was 1.85 cm (±1.2), and 43 (41%) of patients had multifocal PTC. Average size of lymph nodes evaluated by 111 FNAs was 1.37 cm (±0.53). Twenty-eight modified radical neck dissections were performed on 27 patients after the initial SUS assessment. Metastatic papillary thyroid cancer was confirmed on final pathology in all 28 dissections (Table 1) .
Postoperative RAI scans were performed on almost all patients (92%) at an average of 2.28 months after surgery. Four patients were found to have persistent (missed) disease in the lateral neck-three discovered with postoperative RAI scans and one with ultrasound. All but one were confirmed with pathologic evaluation. (One of the four patients had clearly evident lateral neck disease on posttreatment RAI scan but failed to return to clinic for pathologic confirmation or additional surgical treatment.) Three patients had recurrent disease discovered at 9, 19, and 30 months. These patients were classified as recurrences, not persistence, and were therefore evaluated as true negatives. Ultrasound was the primary imaging study used for long-term surveillance.
Sensitivity, specificity, and positive and negative predictive values of SUS of the lateral neck were 88%, 68%, 33%, and 97%, respectively, ( Table 2 ). All false-positive ultrasound Journal of Oncology 3 results were proven negative by US-guided FNA. No patient underwent a neck dissection based on a false-positive ultrasound result. All patients with positive FNA results indicating metastatic papillary thyroid cancer underwent therapeutic lateral modified radical neck lymph node dissection. Metastatic papillary cancer was confirmed in all of the surgical specimens.
Discussion
Ultrasound is the recommended imaging modality for preoperative staging of PTC [4] . Appropriate staging is important not only for predicting outcome but for directing surgical resection. Complete resection of all imageable disease in the neck during the initial surgery is the best way to prevent reoperative surgery due to persistent or recurrent disease.
Much has been published on the accuracy of ultrasound for staging of the lateral neck in papillary thyroid cancer [5] [6] [7] [8] [9] [10] [11] . Ultrasound imaging is traditionally performed by radiology, not the operating surgeon. Surgeons who routinely treat PTC and perform neck ultrasound and FNA are uniquely qualified to stage the lateral neck at the time of diagnosis. The results of this study support surgeon-performed ultrasound of the lateral neck in patients with papillary thyroid cancer.
We report both higher sensitivity (88%) and negative predictive value (97%) than other published studies of radiology-performed ultrasound. Published sensitivities of ultrasound of the lateral neck in PTC range from 51 to 83.5% in radiology-performed studies [6, 23, 24] and as high as 93.8% in one surgeon-performed ultrasound study [11] . Higher sensitivity was due to liberal FNA of any dominant or suspicious lymph node. All false-positive ultrasound findings were proven negative by FNA. As a result, no patient underwent unnecessary lateral neck dissection. Since FNA carries little to no morbidity, false-positive ultrasound findings followed by FNA allow for higher sensitivity without increasing danger to the patient. High sensitivity and negative predictive value allow the surgeon to comfortably stage patients at the time of diagnosis without fear of missing metastatic disease.
The specificity of ultrasound in this study (68%) was lower than previously published (80 to 97%) [6, 11, 23, 24] . Positive predictive value (33%) was also lower than previously published (76.5 to 88.8%) [6, 11, 24] . Lower specificity and positive predictive value of ultrasound are acceptable when combined with a liberal use of FNA since negative FNA results reassure the surgeon that metastatic disease is not missed. When results of FNA are added to ultrasound findings, specificity, and positive-predictive value are higher.
Recent publications have compared the utility of US versus computed tomography (CT) versus a combination of both to evaluate the neck in papillary thyroid cancer [9, [23] [24] [25] . Both modalities are better at evaluating the lateral neck as compared to the central neck. CT seems to have a potential advantage over ultrasound in evaluation of the central neck [25] . It is common practice at our institution to perform routine central compartment lymph node dissection (CLND) on all patients with a pre-or intraoperative diagnosis of papillary thyroid cancer [26] . When performing routine CLND, the preoperative status of the central lymph nodes as seen on CT scan would not affect surgical planning. Therefore, this potential advantage of CT would provide little utility in our preoperative staging. Furthermore, our sensitivity and negative predictive values are considerably higher than those published for CT and combination of US and CT in these studies (88% versus 62-77%) [23, 24] .
Conclusion
Our results support the current American Thyroid Association recommendations of ultrasound alone as a preoperative staging modality. Furthermore, our data show that surgeonperformed ultrasound of the lateral neck is reliable and equivalent to traditional radiology-performed ultrasound by demonstrating high sensitivity and negative predictive value. By performing ultrasound and FNA in the clinic followed by immediate cytopathologic evaluation, the surgeon has firsthand knowledge of the extent of disease preoperatively. In addition, the patient with papillary thyroid cancer can be examined, diagnosed, and accurately staged all during the same visit.
